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Abstract 
Since 1978, coal has played an important role in power generation systems in Thailand, and in 2013 it accounts for 
19% of the total electricity production of the whole country. However, coal-fired power plants are by far the biggest 
sources of sulfur dioxide (SO2) emitted into the atmosphere, which contributes to the formation of acidification and 
directly affects terrestrial ecosystems and materials. In addition, when the acid level (pH) of rainfall reduces, it 
changes the soil’s physical and chemical characteristics and affects the growth rate of the plants. On the other hand, 
acidity rainfall on buildings causes metal and stone damage and destruction. Therefore, the understanding of the 
environmental impacts of electricity generation from coal is needed. It can lead to the development of acidification 
reduction plans and policies. Life Cycle Impact Assessment (LCIA) is one of the useful tools for evaluating the 
environmental burden of processes by accounting for the inflow and outflow of materials and energy as well as the 
waste released into environment. Thus, the main objective of this study was to analyses the acidification damage 
factor from coal-fired power plants using Life-cycle Impact assessment Model based on Endpoint modelling (LIME). 
As the results, the endpoint effects of acidification indicated that it will definitely and seriously destroy the growth 
rate of plants and be able to show this in terms of the value of Net Primary Production (NPP) and damage to the 
building can be shown via the maintenance social assets cost (Baht). Moreover, the results will help us to minimize 
the acidification damage costs from coal-fired power plants to be more environmentally friendly. 
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1. Introduction 
Life Cycle Assessment (LCA) is a tool used in compiling and evaluating inputs, outputs and potential 
environmental impacts of products and services throughout their life cycles [1]. LCA consists of four 
main phases; goal and scope definition, Life Cycle Inventory (LCI), Life Cycle Impact Assessment 
(LCIA), and interpretation. 
In Thailand, LCA was first introduced in 1997 by Thailand Environmental Institute (TEI) [2]. At 
present, LCA is a collection of databases on life cycle inventory; there are more than 700 databases [3]. 
Regarding the study related to LCIA, which is the third step of LCA, Thailand has not yet developed its 
own assessment method. Foreign LCA software such as SimaPro and GaBi have been used. However, 
other countries have developed many environmental assessment methods. For example, methods 
developed by countries in the European Union (EU) include CML baseline 2000, Eco-indicator 95, Eco-
indicator 99, IMPACT 2002+, LUCAS, MEEuP and ReCiPe. In Asia, Japan is the only country that has 
developed an assessment method, which is called LIME [4]. The calculations and assessments of the 
methods stated above are different. 
Since there are various methods of environmental assessment, there are many research studies on the 
comparison of environmental impacts using different impact assessment methods. For examples, Dreyer, 
et al. [5] previously investigated this problem in the case of a water-based UV-lacquer using EDIP, CML 
and Eco – indicator 99. The results compared the impact categories of different contributions within a 
given category. Renou, et al. [6] also compared the environmental impact of wastewater treatment using 
CML 2000, Eco – indicator 99, EDIP 96, EPS and Ecopoint 97 and found similar results with the 
problems encountered by Dreyer, et al. [5]. 
However, when dividing the levels of impact categories into three scales, which are global, regional 
and local scales [7], the results were not different for the global scale, but the impact categories at the 
regional and local scales showed obvious differences. 
Current research has focused on developing an environmental impact assessment model for the 
regional impact category, which in Thailand is related to acidification, based on LIME method because 
there was only one method developed in Asia-Pacific (Japan). The LIME method will be utilized in 
Thailand and developed for other Asian countries. In this study, the environmental assessment is 
performed on a coal-fired power plant because coal is a key factor in power generation systems and its 
operations distributes sulfur dioxide (SO2) and nitrogen oxide (NOX). 
2. Acidification Model 
Current research has focused on developing an acidification model based on Life-cycle Impact 
assessment Model using the Endpoint modelling (LIME) method. This research has also focused on the 
damage function of acidification on the terrestrial ecosystem and building materials. This consists of two 
factors: one is termed Atmospheric Deposition Factor (ADF) that produces an average increase of H+ load 
per unit area in Thailand due to additional emission of causative substance, and the other is termed 
Damage Factors (DF) which is the difference between the terrestrial ecosystem and the material. The DF 
of a terrestrial ecosystem decreased which means that the total Net Primary Production (NPP) all over 
Thailand is decreased due to the additional emissions from causative substances. In addition, the DF on 
material shows the total social assets as metal and stone increasing all over Thailand due to the additional 
emission of causative substances. However, the DF of social assets is based on the LIME method, which 
1,130 and 11,301 Baht/m2 for maintenance metal and stone respectively (exchange rate 37.6692 Baht/100 
Yen [8]). Finally, the Impact Factor (IF) of acidification on NPP and social assets is calculated using 
equation (1); 
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,Acidification
X
IF safe DF safe X Inv X ¦       (1) 
 Where IF  is the Impact Factor of safeguard subjects that are NPP or social assets. 
 DF  is the Damage Factor of safeguarding the subject of acidifying causative substance X  
 Inv  is the inventory of acidifying causative substance X 
  
Major acidification of causative substances in the atmosphere emits as air pollutants such as sulfur 
dioxide (SO2), nitrogen oxides (NOX as NO and NO2), hydrogen chloride (HCl), and ammonia (NH3). 
ADF is determined using the fate of an emitted causative substance expressed as the relationship between 
deposition fractions of acidifying substances in Thailand, due to the emission of its causative substances 
in Thailand, using the Source-Receptor Relationship (SRR) model. ADF is also applicable for a midpoint 
approach [9]. The DF of a terrestrial ecosystem with a given total NPP decrease all over Thailand 
depends on an increase in the atmospheric deposition load of H+ per unit area. The calculation has been 
used to show the relationship between an increase in H+ and a decrease in plant growth rate [9]. The 
schematic diagram of damage function of acidification on terrestrial ecosystems and social assets is 
shown in Fig.1. 
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Fig. 1. Acidification development procedure [10]. 
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3. Coal-fired Power Plant 
In the case study, coal from Mae Moh mine is the major fuel resource. Diesel is a reserve fuel. Coal 
from Mae Moh mine contains 2.88% sulphur, considerably higher than other fossil fuel power plants as a 
result of the high volume of combustion. However, the coal-fired power plant has installed a high- 
efficiency dust collectors and flue-gas desulfurization (FGD) systems (92-95% efficiency) so the 
concentration of sulfur dioxide emitted from the power plant stacks is lower than the standard emission 
base line for lignite power plants in Europe and the United States. This case study considers acidification 
from material acquisition (coal mining, chemical substances and fuel production), transportation, 
electricity production as well as FGD systems and ash management of the power plant.  
4. Result and Discussion 
The Life Cycle Assessment (LCA) consist 4 main phases are goal and scope definition, Life Cycle 
Inventory (LCI), Life Cycle Impact Assessment (LCIA) and interpretation [11]. 
4.1 Goal and scope definition 
This study aimed to evaluate the acidification impact on net primary production (NPP) and the social 
asset of coal-fired power plant (1 kWh net electricity production). The system boundary included material 
acquisition, transportation, electricity production as well as FGD systems and ash management at the 
power plant. 
4.2 LCI of coal – fired power plant 
The second step of LCA involves data collection on the inputs and outputs of coal-fired power plant 
systems, based on the LCI. These inventory data were gathered from the Electricity Generating Authority 
of Thailand (EGAT). Table 1 shows the output of acidifying causative substances. 
 
Table 1 The LCI of coal–fired power plant (kgsubstance/kWh).   
No. CAS number Substance Formula Coal–fired power plant 
1 7446-09-5 Sulfur dioxide SO2 1.26E-03 
2 
11104-93-1 Nitrogen oxides NO 
2.98E-03 
10102-44-0 Nitrogen dioxide NO2 
3 7647-01-0 Hydrogen chloride HCl 1.16E-07 
4 7664-41-7 Ammonia NH3 2.05E-06 
 
4.3 LCIA of acidification on NPP and social assets 
The main ADF and DF factors for acidification on NPP and social assets were the 5 acidifying 
causative substances shown in Table 2. 
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Table 2 The LCIA factors of acidification divided into midpoint and endpoint approaches. 
Substance SO2 
NOX 
HCl NH3 
NO NO2 
Emission unit kg SO2/yr kg NO/yr kg NO2/yr kg HCl/yr kg NH3/yr 
ADF or midpoint factor 1.000 0.1064 0.0694 0.0059 0.0152 
Damage 
Factor 
NPP (kgNPP/yr) 0.198 0.021 0.014 0.001 0.003 
Social assets (Baht/yr) [12] 121.341 12.916 8.423 0.716 1.840 
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4.4 Interpretation  
The acidification impact category indicator is related to an increase in atmospheric deposition loading 
of H+ as expressed using the reference unit kg SO2 equivalent. When testing the reliability model used for 
the coal-fired power plant acidification throughout the life cycle, it is estimated to be 1.78E-03 kg SO2 
eq./kWh. The highest amounts are from SO2, NO and NO2, respectively. Acidification causes two 
damages which are damage on plant growth rate and damage on material maintenances. The Net Primary 
Production (NPP) is determined through a decrease in plant growth due to an increase in H+ deposition, as 
expressed using the reference unit kgNPP/kgsubstance. Further, the social asset determined by the acidity of 
the rainfall on buildings. Corroding steel and eroding stone statues, is expressed using the reference unit 
Baht/kgsubstance. The evaluation of acidification damage on NPP and social assets is done by the developed 
factor presented in Table 2. Damages of the coal–fired power plant were 3.54E-04 kgNPP/kWh and 0.216 
Baht/kWh for NPP and social asset loss, respectively. The result of the impact of coal-fired power plant is 
presented in Fig.2 and Table 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 ADP potential of a coal–fired power plant. 
 
Table 3 Impact assessment of acidification on NPP and social assets of a coal–fired power plant.  
Substance NPP  (kg NPP/kWh) Social assets (Baht/kWh) 
SO2 2.49E-04 1.53E-01 
NO 6.26E-05 3.85E-02 
NO2 4.18E-05 2.51E-02 
HCl 1.16E-10 8.31E-08 
NH3 6.15E-09 3.77E-06 
Total 3.54E-04 2.16E-01 
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5. Conclusion  
This study has analyzed the effect of acidification, which is an Atmospheric Deposition Factor (ADF) 
at a mean midpoint factor and a damage factor, on NPP and social assets. ADF was estimated as the 
relationship between the increasing of atmospheric deposition loading of H+ per unit area. NPP damage 
used the relationship between the increase in H+ and the decrease in plant growth rates. Finally, social 
asset damage used the relationship between increased H+ per unit area on the maintenance of material 
such as steel and stone that has a damage factor based on the LIME method. Moreover, the LCA was used 
to evaluate the acidification effect on NPP and social assets of coal-fired power plant used as a factor in 
this study. Those results found that the ADF at 1.78E-03 kg SO2 eq./kWh and the NPP and social asset 
are estimated to be 3.54E-04 kgNPP/kWh and 0.216 Baht/kWh, respectively. In order to get an accurate 
analysis of the damage factors of electricity production or other case studies, the collection of life cycle 
inventory should be as complete as possible. Further, uncertainty analyses for the major relevant 
parameters will provide helpful information on the reliability of the calculated damage functions. 
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